We investigated the nutrition education (NE) practices of teachers of grade 4-7 learners in 11 primary schools (85% of total number) of the Bronkhorstspruit district (Gauteng Province) to identify opportunities for improving NE in these schools. A descriptive cross-sectional survey was carried out among a convenient sample of the teachers (N = 73) using a structured nutrition education practice questionnaire. Descriptive data analysis was done. Results showed that the majority of the teachers taught nutrition in about 10% to 20% of their teaching time. Thirty percent had no training to teach nutrition, and most teachers (86%) would like to receive training in nutrition. Teachers mostly taught nutrition as part of the curriculum (67%) and very few (18%) integrated nutrition into other subjects. Needing improvement were adequate classroom time for nutrition education delivery, continuing training in nutrition for teachers, and provision of up-to-date instructional materials for teaching nutrition.
prospective teachers can be barriers to promoting healthy food habits among learners. Some of the roles expected of teachers in connection with NE in schools include teaching nutrition to impart nutrition knowledge and improve eating behaviors, teaching nutrition with commitment and an interest in diet and a healthy lifestyle, modeling desirable nutrition behaviors for learners, and using nutrition issues to explain topics in other subjects, thereby increasing nutrition awareness through multiple sources (Culinary Institute of America 2012; FAO 2005; UNICEF 2009 ).
The teaching of nutrition in schools to enhance healthy eating behavior can be challenging. The barriers to providing effective NE in schools include time constraints for teaching, teachers' lack of nutrition science training, limited curriculum materials, and limited support from the school administration (CSFSA 2003; Kupolati, Gericke, and MacIntyre 2015) . Several recommenda-tions have been suggested to promote effective NE in schools. The Academy of Nutrition and Dietetics (AND) recommended that NE be integrated into a comprehensive health package through other school subjects. The AND also recommended the integration of the school cafeteria, physical education classes, physical activity, parents, and community involvement into NE in schools (CSFSA 2003) . The Nutrition Friendly School Initiative (NFSI) of the World Health Organization (WHO) has the following key components: creating awareness and building capacity in the school community, developing a nutrition-and health-promoting school curriculum, providing a supportive school environment, and providing school nutrition and health services (WHO 2006) . The FAO (2005) recommended a threefold curriculum approach to NE in schools whereby nutrition learning takes place in the classroom, in the school environment, and in the family and community.
In South Africa, the activities and initiatives of NE reside under the umbrella of the Integrated Nutrition Programme (INP) (DOH 2008) . The INP proposed nutrition promotion and education as one of its immediate goals with the vision to reduce malnutrition. It also recommended the use of the South African Food-Based Dietary Guidelines (SAFBDG) in the implementation of NE programs (DOH 2008) . The National School Nutrition Programme (NSNP) of the Department of Basic Education (DoBE) complements the efforts of the INP (DoBE 2015). In South African primary schools, nutrition is usually taught as a topic in subjects such as Health Science or Health Education, Life Skills/Life Orientation (LS/LO), and Natural Science and Technology (NST) (DoBE 2011a (DoBE , 2011b KPMG 2008) . Nutrition is also taught by integrating nutrition lessons into other subjects such as physical education, history, languages, arts, and social studies (CSFSA 2003; Celebuski and Farris 2000; McNulty 2013 ). However, limited data exist concerning the teaching of nutrition in primary schools in South Africa. This study aimed to increase the knowledge base of the practices of teachers in the provision of NE to learners in grades 4-7 in the Bronkhorstspruit district.
Methods

Setting
The study was conducted between July and September 2013 in 11 primary schools in the Bronkhorstspruit district, a resource-constrained community east of Pretoria in Gauteng province. The district was selected on the recommendation of the Gauteng DoBE. The educational district has 13 government primary schools.
Population and sample
All 13 schools were invited to participate in the study, but two schools declined to participate. Inclusion criteria were teachers who taught LS/LO and NST in grades 4-7 at the time of the survey. Teachers who taught nutrition topics were more likely to provide useful information about the teaching of nutrition than those who did not. A total of 100 eligible teachers were identified by the principals of the 11 schools. The eligible teachers were sent a letter introducing the study and inviting them to participate. Only 73 teachers who signed the informed consent letters were involved in the survey.
Questionnaire
The questionnaire was developed with information from the survey instrument of the National Centre for Education Statistics: Nutrition Education in Public Elementary Schools (Celebuski and Farris 2000) . The validated instrument was used to address high-priority nutrition education needs among elementary schools in the United States. This instrument was considered suitable for use among the primary schools in Bronkhorstspruit because the ages for learners in elementary schools in America and primary schools in South Africa (ages 6-7 to 12-13 for first grade through seventh grade) are similar (Statistics South Africa 2010; U.S. Department of Education-NCES 2015). The instrument was adjusted by the principal investigator to be appropriate for the situation of primary schools in Bronkhorstspruit. First, the education level for primary school teachers was adjusted to reflect South African teacher qualifications. Second, the educational structure and subject terms were adjusted to portray the situation and structures in South African primary schools. Some of the adjustments included the subject/study area nomenclature, policy issues, and support for nutrition education in schools. The terms -R-Grade 7‖ and -Grade R‖ were used instead of -K-Grade 5‖ and -Kindergarten,‖ respectively. The survey instrument consisted of 18 questions covering areas such as the grades where nutrition was taught, teacher training, methods of teaching, materials in use, and teaching time. Questions included the following: -Rate the quality of instructional materials currently in use for NE‖; -Indicate the availability of resources in support of NE in your school‖; and -Would you like to receive in-service training on various nutrition topics?‖ The instrument was subjected to face and content validity by nutrition education experts at the University of Pretoria, after which it was pretested in one school, randomly selected from the participating schools, among a convenient sample of nine teachers who were also part of the larger sample. The instrument was tested for readability, clarity, and ease of completion. The teachers adjudged the instrument to be readable, clear, and easy to understand, except for the question requesting the number of hours nutrition was taught. This question was therefore adjusted to solicit the proportion of time that nutrition was taught.
The questionnaire comprised questions which were categorical variables; therefore Cronbach's alpha reliability test was performed to test the internal reliability of each area covered by the questionnaire. A Cronbach's alpha of 0.8 was obtained for areas on the integration of nutrition into other subjects, the availability of resources in support of NE and the extent to which various resources can improve NE. The Cronbach's alpha for questions on the rating of the quality of instructional materials and the extent to which various instructional materials will aid the teaching of nutrition was 0.9.
Data collection
The questionnaires were self-administered. The principal investigator delivered the questionnaires to the teachers and allowed them to complete the questionnaires at their convenience and have them ready for collection on an agreed date. Reminders were sent, and visits to the schools were repeated until all the completed questionnaires were collected. The questionnaires were completed individually by the teachers. This allowed for personal responses without external influence or coercion. The method contributed to the validity of the data.
Data analysis
Duplicate data entry was done using Microsoft Excel. The two data sets were compared, and errors were corrected. Data were analyzed using Stata Statistical Software Release 10, 2007 for the descriptive statistics. The variables of age and years of teaching experience presented skewed distributions as revealed by histograms, but were not significant when subjected to the Shapiro-Wilk test (V = 2.5 and 1.3, respectively, p > .05) (Ghasemi and Zahediasl 2012) . These variables were therefore reported both as means and medians to present central tendency and as standard deviations (SD) and ranges to present the dispersion. A linear regression analysis was done to determine the relationship between independent and dependent variables. The independent variables of interest were gender and highest education qualification (Teaching diploma, University first degree, Master's degree, and others). The dependent variables were research and personal study as methods to prepare to teach nutrition; desire to receive in-service training in nutrition topics; the use of teacher materials (e.g. curriculum), and the use of textbooks.
Ethical approval
Permission to conduct the study in the schools was granted by the Gauteng DoBE with the reference number D2014/199. Ethical approval for the study was granted by the Ethics Committee of the Faculty of Natural and Agricultural Sciences of the University of Pretoria (EC130424-037).
Results
Participants were mostly black (93%) and female (65%) with a mean age of 47 years (SD = 6.1) and a median age of 46 years (range 27-55). The mean years of teaching experience was 19 (SD = 8.2) with a median of 20 years (range 1-35). The teachers (92%) were in full-time employment and had a teaching diploma (46%) as the highest educational qualification.
Most of the teachers (80%) had taught grades 5-7 in the past, and about half taught LS/LO and other subjects at the time of survey (table 1) . Only 9% and 6% of the teachers taught LS/LO and NST, respectively, as their only subject. Note. Percentages do not equal 100 because teachers might have selected more than one option. Percentage was based on total number of responses (n).
Almost half of the teachers (46%; table 2) had received in-service nutrition training, while 58% prepared to teach nutrition though research and personal study. Less than a third of the teachers (30%) had no training in teaching nutrition, while most of the teachers (86%) indicated they would like to receive in-service training.
The majority of teachers (60%) had taught nutrition in about 10% to 20% of their classes in the previous academic year (table 2) . Nutrition was taught where it appeared in the curriculum by 66% of the teachers. Only 18% of the teachers reported that they taught nutrition by integrating it into lessons other than where nutrition appeared in the curriculum. The details of integrating nutrition into other subjects (table 3) showed the teachers' insights about this challenge. The teachers interpreted their teaching of nutrition in LS/LO and NST as integrating it into other subjects. Nutrition was integrated by 68% and 39% of the teachers into LS/LO and NST, respectively. Nutrition was not integrated at all into Social Sciences, Mathematics, and English language by 50%, 45%, and 36% of the teachers, respectively.
In respect to teachers' responses on the use, quality, and suppliers of instructional materials to teach nutrition, 62% indicated that there was a general lack of nutrition education instructional materials (teaching and learning aids). The majority of teachers (95%) would like to receive nutrition education materials to aid their teaching of nutrition. The supplier of instructional materials, as indicated by the majority of teachers (95%), was the DoBE.
Responses regarding availability of resources in support of NE revealed that 34% of the teachers were of the view that high-quality in-service training was not available at all, and 49% indicated that the NSNP was a supportive resource to a great extent. Reference materials at schools were reported to be available to a limited extent by 44% of the teachers. Teachers' responses showed that support for use of instructional time, written guidelines on nutrition, and coordinated school nutrition policy were available to a moderate extent.
Teachers were of the view that all the resources had potential to improve NE to a great extent (e.g., high-quality in-service training, school-provided meals, reference materials at school, and support for use of instructional materials). Teachers rated the instructional materials they used (table 4) as up to date (64%) and age appropriate (67%). About one-third of the teachers showed that learners found materials slightly appealing and that there was not always enough material for all learners. Most of the teachers indicated that all the instructional materials would aid their teaching of nutrition to a great extent (table 5) . The materials included teacher materials (e.g., curriculum), textbooks, supplementary learner materials (e.g., worksheets), learner assessment materials, computer software, and audio and visual aids (e.g., films, videotapes, posters). 
Note. Percentage was based on total number of responses (n).
A regression analysis (data not shown) of gender and education level with factors that could enhance the teaching of nutrition (research and personal study, in-service training, teachers' materials, and textbooks) showed no significant relationships (p ≥ .05).
Discussion
Main findings
One of the reasons that the school setting is a suitable platform for NE is that schools have qualified personnel (the teachers) to teach and guide (FAO 2005) . However, for teachers to teach effectively and guide, they need to be trained not only in nutrition topics but also on how to deliver nutrition messages by accommodating the learners' circumstances (Kupolati, Gericke, and MacIntyre 2015) . In our study, only about half of the teachers had received training to teach nutrition. It has been reported that capacity and skills to teach nutrition are often lacking among teachers who have the responsibility to teach nutrition (FAO 2005; Nguyen et al. 2013) . The need for nutrition training for primary school teachers was established in a study that looked into the influence of nutrition and physical activity knowledge on the weight status of teachers. Drawing on their findings, the authors recommended that a distance-learning nutrition course be made available for experienced educators (Dalais et al. 2014) .
A large proportion of the teachers indicated they would like to receive nutrition training to enable them to teach nutrition effectively. This finding was confirmed in previous studies where teachers admitted inadequacy in teaching nutrition and expressed their need for nutrition training despite many years of teaching experience (Kupolati, Gericke, and MacIntyre 2015; Nguyen et al. 2013 ). In-service training is a useful resource to sharpen the skills of personnel for better performance. Periodic exposure of teachers to in-service nutrition training can assist teachers in teaching nutrition effectively (Dalais et al. 2014) . About one-third of the teachers in our study had not had any opportunities for in-service nutrition training. A South African study that considered the school food environment in relation to healthy eating revealed that most of the teachers showed interest in nutrition, but only 15% had received nutrition training (Faber et al. 2013) . It was further confirmed that providing training for teachers in all the learning areas of LO could facilitate healthy behavioral outcomes .
In South African primary schools, nutrition topics are taught mostly as part of the curriculum (LS/LO and NST) (DoBE 2011a (DoBE , 2011b . Teaching nutrition both by integrating it into other subjects and as a separate subject enables nutrition information to reach learners through multiple avenues thereby consolidating the learning and concepts of nutrition (FAO 2005) . In our study, most of the teachers (66%) taught nutrition as part of the curriculum, and only 18% of the teachers taught nutrition by integrating it into other subjects. This finding is contrary to the U.S Department of Education survey on the teaching of nutrition, where one-third of the teachers taught nutrition as a separate subject, while the same proportion also taught nutrition by integrating it into other subjects (Celebuski and Farris 2000) . In another South African study, 56% and 21% of educators taught nutrition as part of LO and NST, respectively (Faber et al. 2013 ).
The use of instructional materials (teaching and learning aids) such as posters, charts, workbooks, and hands-on materials can greatly enhance the delivery of nutrition lessons to learners. Lack of good-quality teaching and learning materials is an impediment to effective school NE (FAO 2005) . About 62% of the teachers surveyed indicated lack of instructional materials. This finding is consistent with other studies in South Africa, where lack of quality instructional materials hindered the effective teaching of nutrition (Nguyen et al. 2013 ; Oldewage-Theron and Egal 2012).
The finding that the NSNP was a supportive resource to NE, as indicated by almost half of the teachers, has been confirmed in other South African studies (Faber et al. 2013; Kupolati, Gericke, and MacIntyre 2015) . In these studies, teachers reported that the meals from the NSNP served as examples of nutritious meals and formed part of classroom discussions. Teachers rated the various resources such as quality in-service training, NSNP meals, reference materials at school, and support for use of instructional materials as having potentials to improve NE to a great extent. These findings are in line with the recommendations that effective school NE should be supported by the school environment, should create awareness and build capacity for NE, and should maintain a sustainable school feeding program (CSFSA 2003; WHO 2006) . Teachers indicated that instructional materials were reasonably up to date and age appropriate, but scarcely enough for all the learners. It has been reported elsewhere that teachers had limited resources and curriculum materials to support NE (Lambert and Carr 2006) . Most of the teachers in our study indicated that instructional materials such as teachers' manuals, worksheets, computer software, films, videotapes, and posters would aid their teaching of nutrition to a great extent. In their intervention study among public school educators in South Africa, Oldewage-Theron and Egal (2012) found that teachers preferred coloring books, videos, posters and wall charts, and NE card games. These authors recommended a NE manual covering all the nutrition topics outlined in the DoBE curriculum to be used alongside NE tools.
The majority of the teachers indicated they taught nutrition in about 10% -20% of their classes. The teachers had difficulty in stating the number of hours they taught nutrition during the pretesting of the instrument; therefore, the amount of time nutrition was taught was expressed in percentages of teachers' total teaching time. However, the total hours allocated for teaching nutrition in grades 5 and 6 is 3 hours and 22 hours, respectively (DoBE 2011a (DoBE , 2011b . These allotted numbers of hours do not meet the recommended 50 hours necessary to achieve behavior change in children (Briggs, Fleschhacker, and Mueller 2010) . The small proportion of time used to teach nutrition as reported by teachers in our study was confirmed in a study where teachers spent less than one hour per week in teaching nutrition (OldewageTheron and Egal 2012).
The gender of teachers and the highest education qualification did not appear to have any relationship with the factors that could enhance the teaching of nutrition. This finding is not in agreement with findings of Celebuski and Farris, where teachers with no formal training in nutrition mostly used research and personal study to prepare to teach nutrition, and those with college training had more in-service training in nutrition (Celebuski and Farris 2000) . This result may be because the situation of the teachers in the United States is different from that of the teachers in this study. The findings from this study emphasize the existing challenges regarding NE in schools as reported in the literature. However, the nonsignificant relationship between the gender of teachers and the education level with factors that can improve NE, such as nutrition training, provides a new understanding that has implications for practice. It is inferred that the training need of the teachers was regardless of their gender and educational qualification.
Limitations
The survey was conducted in a resource-limited peri-urban area and only in one district; therefore, the generalizability of the findings of the study to the other areas in South Africa may be limited. The need for nutrition training was repeatedly expressed in the study; however, the specific areas where teachers would like to receive training were not explored. Areas such as active learning strategies in NE, integrating nutrition into other subjects, coordinating NE across grades, and/or curriculum nutrition topics could better inform the planning of effective training for teachers. The two schools that declined participation, the use of a small convenience sample, and the incomplete responses of all the sections of the questionnaire by the participants might have constituted a source of bias. Valuable information affecting NE practices in school might have been missed as a result of those who refused participation and the unanswered questions. The inclusion of the participants used in the pretesting of the instrument and the adjustment of only one question could constitute a potential source of contamination of the data. However, the fact that the instrument was used to measure practices and not knowledge could minimize the effect. The study is limited in comprehensive assessment involving the learners, school tuck-shop (a small food vending store) operators, parents/ guardians, qualitative interviews with teachers, and content analysis of nutrition topics, which would have provided more holistic information on the practices of NE in the schools. However, additional information was drawn from the qualitative interviews with a subsample of the teachers (reported elsewhere) (Kupolati, Gericke, and MacIntyre 2015) . In addition, the sample size of 66 for the regression analysis was small but was considered adequate according to the formula N > 50 + 8m (where m is the number of independent variables) (VanVoorhis and Morgan 2007).
Conclusions and recommendations
The practice of NE by teachers in Bronkhorstspruit cannot be separated from the scope of the authority of the schools (i.e., the DoBE). Inadequate time for teaching nutrition, lack of training in nutrition, and inadequate instructional materials were revealed as factors capable of limiting teachers' operational teaching practices. If the benefits of school NE are to be fully realized, it is imperative that adequate modifications be put in place to improve the three areas revealed in this study. First, it is necessary to secure adequate time for teaching nutrition in the classroom to change the eating behaviors of learners positively. If it takes 50 hours per year to impart attitudes and behaviors (Briggs, Fleschhacker, and Mueller 2010) , the realization of healthy eating behavior within the few hours of teaching nutrition as revealed in this study may be challenging. Second, teachers need to be trained in nutrition and to update their nutrition knowledge and understanding through in-service training. Our findings suggested that NE intervention (nutrition training) for these teachers could be irrespective of gender and/or teachers' level of education. Third, there should be adequate provision of quality reference and instructional materials at the schools in line with nutrition topics in the DoBE curriculum.
The teaching of nutrition both as a subject and as integrated into other subjects as recommended by FAO (2005) has the capacity of producing a synergy between the benefits of NE and the strengthening of its influence both in the short and long term.
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